In near-field microscopy the quantitative study of corrugated surfaces at the nanometer scale is hindered, because the tip is not an infinitely thin, sharp probe. The profilometry of the surface is generally not correct, the contours of the objects are dilated due to the geometry and the finite dimension of the tip, and thus the area measurements, cannot be performed with precision. This tip geometrical effect is well known by the near-field microscopists and is generally described as a tip convolution. In fact this terminology is not appropriate at all, because the tip-surface interaction is not linear. It has been recently proposed [1, 2] that the concepts of morphological mathematics be used to describe the image formation in near-field microscopy by a dilation, with a structuring element (the tip). If the shape of the latter is known, it is then conceivable to restore the image by performing the reverse operation (the erosion) so as to get a better image, close to the "true" object, which can be used to perform quantitative analysis. In reality, a perfectly restored image will never be obtainable, because certain information is completely lost during image formation: for example, the exact profile of a sharp edge cannot be obtained with a pyramidal AFM tip shape. Consequently, precise quantitative analysis cannot be done from a restored image without some prior knowledge of the true object, even if the tip shape is perfectly known.
We then show that if the structure of the object is relatively simple and approximately known (that is the case of two-phase -y -Y Nickel-based superalloys) measurements of areas can be done with a good degree of accuracy from simple geometrical considerations on the tip shape. The volume fraction of y precipitates in 03B3 -y Nickel-based superalloys is one of the parameters which is important to measure, as the mechanical properties of these materials strongly depend on it.
At the present time, the most accurate measurements of precipitate volume fraction in superalloys are available by time-consuming techniques, such as precipitate chemical extraction and weighing, or atom probe chemical analysis [3] . Scanning Electron Microscopy (SEM) associated with image analysis is currently used, but leads to systematic errors of the order of 10% [4, 5] . We recently proposed to use Scanning Tunneling Microscopy (STM) [6] , or better Atomic Force Microscopy (AFM) [7] to measure the precipitate volume fraction with a precision of the order of 2 to 3%. The basic idea of the method described in ref [7] is to image a surface chemically etched with a solution that preferentially etches -y' precipitates, then, using different etching times, to determine the evolution of the measured surface fraction as a function of the etching depth. The effective surface fraction, which is equal to the volume fraction [8] Figure 1 shows an AFM image of MC2 superalloy with its depth-level histogram. The two modes relative to 03B3 and y phases are very well differentiated. The etching depth em of y phase is directly measured as the distance between the two maxima of the depth-level histogram. The volume fraction of y phase can be estimated from the area fraction measurement of the y phase. Indeed, it must be remembered that the area fraction AA(X) of a given phase X on a surface intersecting a poly-phased material is a non-biased estimator of its true volume fraction Vv(X) [8] . The Fig. 2b ) and a population of pixels belonging to non-fully etched precipitates whose depths are between zero and em. Taking into account that the probability of cutting a cubic precipitate of size a at depth h (o h a) is uniform and can be written as: the y precipitate fraction area AA(03B3') can be written as the sum of two terms:
The first term is related to the fraction of y precipitates having the maximum etching depth em (the 03B3' peak). The second one corresponds to the fraction of precipitates, the etching depth of which ranges between zero and em. As a consequence of the equiprobability of the cutting plane section, this second population is uniformly distributed on the intermediates classes of the histogram.
However, the histogram of figure 2 is obviously not realistic ,since the AFM tip has a finite dimension which results in a dilation effect on the borders of the precipitates. The where 0 defines the angle corresponding to the contact point between the spherical extremity and the edge of the precipitate. The maximum value is 03B8 = (Tr/2) -a when h = L = r (1-sina).
* if L h em (case of Fig. 3 ), x can be written as: Fig. 2. -a) The term A(03B3) is the total area of the -y matrix. The term Ai is the bottom area of a precipitate having the maximum etching depth em. The proportion of this kind of precipitate is (1 -em/a). One can also remark that the measurement of the maximum depth em from the histogram (distance between both peaks) is obtained with a very good precision (1.8%) at low noise (03C3 = 4 nm). This slightly deteriorates when noise increases (error of 5.4% for (T = 10 nm). The histogram model also reveals that the two peaks are unsymmetrical due to the pixels of the intermediate population, which mainly increase the right part and the left part of the y and 03B3 peaks, respectively. Consequently, we propose to obtain an approximated area value of the true Y peak by taking, as a measurement criteria, the double of the left part of the y peak. Under these conditions, if the noise is not important, and it seems this is the case with our experimental histograms, it should be possible to obtain an experimental y volume fraction which is only slightly overestimated.
When calculating the surface A1 we supposed that the sides of the square section of the pyramid were parallel to the precipitate sides (Fig. 3) . This means the tip scanning movement was parallel to the precipitates sides. In fact, the contact point at the tip extremity is no longer at the distance x from the precipitate side, but at the distance x' (see Fig. 6 [10] . In order to confirm these values we imaged a few tips chosen randomly at high magnification by transmission electron microscopy. Our observations effectively confirmed these published values; there is no discrepancy with a and the radius indeed varies around 30 to 40 nm. Figure 7 is an example of an AFM tip extremity with a = 36° and r -40 nm, imaged in transmission electron microscopy. Table I shows that a radius variation of 10 nm induces an area fraction variation of about 3%.
The final precision of the area fraction measurement also depends on the precision of the maximum depth em and of the experimental measurement ofAA(Vem) which are related to the amount of image noise. A relative error of 5% on em and on AA(1'em) gives a relative error on AA(03B3') of 1,5% and 4%, respectively. The AFM image of figure 1 reveals that the misorientation of the precipitates with respect to the scanning direction is low. Experimentally there is interest in positioning the specimen so that the general orientation of the 03B3 channels are parallel to the scanning direction; this is what we have done. Nevertheless, certain precipitates have a small misorientation and this induces a slight overestimation of the Y area fraction. Supposing all the precipitates have a misorientation of = 5°, which is certainly less in reality, this would yield an AA(03B3') increase of only 2%.
In the present paper, we have considered the y size distribution as a Dirac function, which is obviously not the case in reality. However, on one hand, it can be noted that the heat treatments currently applied to 03B3 -03B3' superalloys lead to very homogeneous precipitate size distribution [9] . On the other hand, the involved etching depths were about ten times smaller than the precipitate mean size. Consequently, the influence of the precipitate size dispersion on the depth level histogram is negligible, as compared with the influences of the other bias sources previously discussed.
Finally, since the specimen we studied has a precipitate volume fraction that is known and has been measured to be 69% by the atom probe chemical analysis [3] , we can conclude from our measurements that atomic force microscopy is able, in a relative simple manner, to give an estimate of the precipitate volume fraction of a two-phase Nickel-based superalloy with a precision of a few percent. 5 
